Background: Babesiosis infections are infrequent, occur in limited geographic locations, and range from asymptomatic infection to severe illness and death.
H
UMAN BABESIOSIS is a tickborne malarialike illness caused by Babesia species, which are intraerythrocytic protozoa. 1 Although at least 3 species are known to cause infections in humans, Babesia microti is the agent responsible for the majority of human cases of babesiosis in the United States. [1] [2] [3] [4] [5] Animal reservoirs for B microti in the United States include both the whitefooted mouse (Peromyscus leucopus) and the meadow vole (Microtus pennsylvanicus). 4, 6 The deer tick, or black-legged tick, Ixodes scapularis, is the vector responsible for transmission of babesiosis to humans, and tick bites are the primary mode of transmission in the United States. 1, 4, 7 Infection with B microti causes an acute febrile illness and hemolytic anemia. 2, 3 The clinicalcoursevariesinitsseverity,butischaracterized by fever, myalgias, anorexia, and, frequently, jaundice. 8, 9 Although babesiosis was once thought to be a self-limited disease, 10, 11 case reports of severe hemolysis requiringbloodtransfusions,renalfailure,adult respiratorydistresssyndrome,anddeathhave beenassociatedwithhumanbabesiosis. 1, 5 Previously described risk factors include asplenia and older age, although seroprevalence studies in Connecticut have shown that children have seroprevalence rates that are simi-ORIGINAL INVESTIGATION lar to those of adults. [12] [13] [14] [15] Other factors, including immunodeficiency syndromes and liver dysfunction, 10 may play a role in the severity of the disease.
Human cases of babesiosis have been reported in the United States since 1966, 16 and although the disease is not reportable to the Centers for Disease Control and Prevention, it has been a reportable illness in New York State (NYS) since 1986. 17, 18 While there have been numerous individual case reports describing outcomes, geographic distribution, and the clinical and demographic trends associated with babesiosis, 6, 7, 10, 15, 17, [19] [20] [21] [22] we report on the largest series of hospitalized patients with babesiosis. In this study, we examined the hospital records of babesiosis cases in NYS from 1982-1993. The objective of this study was to review the epidemiological and clinical characteristics of hospitalized patients with babesiosis and to document prognostic indicators that may be associated with severe disease.
RESULTS

NOTIFIABLE DISEASE SURVEILLANCE FOR BABESIOSIS AND SPARCS DATA
From 1982 to 1993, 186 cases of babesiosis were reported to the NYSDOH. Among the reported cases, 144 patients (77.4%) were hospitalized (Figure 1) . Medical records were obtainable for 139 (96.5%) of the hospitalized patients.
DEMOGRAPHICS
Demographic characteristics of the hospitalized patients showed the mean ± SD age on admission to be 62.5 ± 15.0 years (median age, 66 years; range, 23-89 years) ( Table 1) . Patientswerepredominantlymale(61.6%)andwhite(94.2%), and94.9%residedinSuffolk(90.6%),Nassau,orWestchester
METHODS
NOTIFIABLE DISEASE SURVEILLANCE FOR HUMAN BABESIOSIS
Human cases of B microti infection became legally reportable from physicians, laboratories, and hospitals in NYS in January 1986. Cases are reported to county health departments and the NYS Department of Health (NYSDOH). Additional cases were voluntarily reported from 1983-1986, when the NYSDOH offered reference laboratory services to confirm cases. The case definition requires a clinically compatible illness (may include fever, chills, fatigue, myalgia, and jaundice secondary to hemolytic anemia lasting several days to a few months), with the documentation of B microti parasites on a peripheral thin blood smear or immunofluorescent antibody titers of 1:128 or higher. Confidential case report forms are completed by physicians and include basic demographic, clinical, and laboratory data. Only those patients reported as being hospitalized in NYS between 1982 and 1993 were analyzed for the purposes of this study.
STATEWIDE PLANNING AND RESEARCH COOPERATIVE SYSTEM
The Statewide Planning and Research Cooperative System (SPARCS) provides information on the discharge diagnosis of individuals hospitalized for specific communicable diseases based on International Classification of Diseases, Ninth Revision (ICD-9) disease codes. The SPARCS database of patients hospitalized between 1982 and 1993 was reviewed for all babesiosis cases, including ICD-9 codes of 088.8 (other arthropod-borne disease, unspecified) and 136.8 (other specified infections and parasitic disease). Babesiosis cases in the notifiable disease and SPARCS databases were then matched by name, address, and date of birth. Medical records for matched cases were requested from hospitals and reviewed for babesiosis case confirmation as defined above.
DESCRIPTIVE ANALYSIS
All hospital charts of patients meeting the case definition were reviewed. Demographic data and clinical history, including symptoms, medical and medication history, and information about tobacco and alcohol use, were recorded. Physical examination findings on admission, laboratory data, treatment modalities, and complications were also collected. Laboratory data included complete blood cell counts, serum glucose and electrolyte levels, arterial blood gas data, liver function study results, serum and urinary bilirubin levels, serum urea nitrogen and creatinine levels, and chest radiographs; the lowest values of hematocrit, white blood cell count, and platelet levels; and the highest reticulocyte count and serum glucose, creatinine, bilirubin, aspartate aminotransferase, lactate dehydrogenase, and parasitemia levels. Clinical cutpoints for normal laboratory values used in the analysis were determined using standard clinical laboratory references. [23] [24] [25] [26] [27] [28] [29] PROGNOSTIC FACTORS FOR SEVERE OUTCOME Hospitalized patients were classified as having mild or severe disease as the outcome variable. Severe disease was defined as a hospitalization ending in death, lasting for more than 2 weeks, or resulting in an intensive care unit stay of more than 2 days. In addition, the NYSDOH death certificate registry was reviewed to identify deaths after hospitalization during the 1982-1995 period by matching on the patient's name, date of birth, and street address. Cases with a reported date of onset were analyzed to determine whether the duration of time between onset and treatment was associated with a severe outcome.
STATISTICAL ANALYSIS
Statistical analyses were conducted with SAS software (SAS Inc, Cary, NC) for 2 tests and BMDP software (CaliforniaPrinceton Fulfillment Service, Ewing, NJ) for logistic regression analyses. 2 Tests were performed to evaluate the relationship between potential risk factors and disease outcome. Univariate relative risks (RRs) and 95% confidence intervals (CIs) were computed. All variables with P values of .05 or less, age at admission, and sex were included in a stepwise multiple logistic regression model to estimate the adjusted RRs of prognostic variables associated with severe outcome.
counties. The majority of patients were admitted during June through August, with very few admissions during winter (Figure 2) . The mean ± SD hospital stay was 11.7 ± 11.0 days (median, 9 days; range, 2-100 days). Sixteen (30.8%) of 52 patients with severe outcome were hospitalized during the first 6 years of the study interval, as opposed to 36 (69.2%) during the last 6 years ( Figure 1 ).
CLINICAL FEATURES Admission Status
The most common signs and symptoms on admission were nonspecific symptoms of fatigue/malaise/weakness (91.2%), fever (90.6%), shaking chills (76.6%), diaphoresis (69.2%), and nausea/anorexia (57.3%) ( Table 2) . Clinical findings on physical examination included temperature higher than 38°C (55.8%), heart murmur (20.1%), hepatomegaly (14.4%), and splenomegaly (10.8%). Only 6 patients (4.3%) had jaundice listed. A review of medical records indicated that 51.8% had a history of chronic disease, 11.9% had a history of Lyme disease, and 11.7% had undergone splenectomies. No patient had evidence of human immunodeficiency virus infection. More than one third (37.5%) of the patients reported having a tick bite within 30 days prior to their hospitalization.
The most common laboratory abnormalities on admission are shown in Table 3 . The mean hematocrit was 0.34 and the mean hemoglobin was 113 g/L. Fifty-nine percent of the patients had hematocrit levels lower than 0.35, 35% had total white blood cell counts lower than 5 ϫ 10 9 /L, and 60.5% had platelet counts lower than 100 ϫ 10 9 /L. Liver function studies on admission showed elevations of mean levels of lactate dehydrogenase (572 U/L), aspartate aminotransferase (80 U/L), alkaline phosphatase (113 U/L), and total bilirubin (296 µmol/L [17.3 mg/dL]).
Hospital Course
During hospitalization, the mean hematocrit of the patients decreased to 0.27, with 90.3% decreasing to less than 0.35. The mean change from hematocrit on admission to the lowest value during hospitalization was 6.1 percentage points. Totalmeanbilirubinvaluesincreasedfrom296to361µmol/L [17.3-21.1 mg/dL]. Thirty-five patients (25.2%) were admitted to intensive care units during hospitalization, and 8 (5.8% of total cases) required intubation. The majority of treated patients received clindamycin hydrochloride (n = 110, 79.1%) and quinine sulfate (n = 106, 76.3%). For persons reporting onset dates, the average time from onset until hospital admission was 10.6 days; until the start of treatment with clindamycin, it was 12.1 days; and until treatment with quinine, it was 14 days. Of those patients withavailabletreatmentdates(n = 110,79.1%),7(5%)started recommendedtreatmentbeforehospitaladmission,57(41%) on the day of admission, and 46 (33%) only later in their hospital course (average, 3.2 days after admission).
Outcomes
Fifty-four hospitalized patients (38.8%) had some type of complication ( Table 4) . Congestive heart failure (n = 15, 10.9%) and acute respiratory distress syndrome (n = 11, 8.0%) were the most common complications. Nine patients died during hospitalization, for a fatality rate of 6.5%. The death certificate analysis identified 29 patients who died from 1982-1995. The mean duration from date of hospital admission to date of death was 3.6 years. Nine patients (31%) had cancer listed as the underlying cause of death, 6 patients had coronary heart disease, and only 1 patient had babesiosis.
Prognostic Factors for Severe Outcome
Univariate analysis of laboratory results and clinical evaluations showed the following factors ( Stepwise logistic regression analysis for each significant variable in the univariate analysis, age at admission, and sex indicated that male sex, alkaline phosphatase values higher than 125 U/L, and white blood cell counts higher than 5 ϫ 10 9 /L remained strong predictors of severe outcome ( Table 6) .
The duration of time between onset and treatment in those cases that were not associated with a severe outcome (mean ± SD, 10.7 ± 8.0 days; range, 0-32 days) was shorter, but not significantly different (P = .26) from the duration of time between onset and treatment in those cases in which there was a severe outcome (13.3 ± 13.9 days; range,1-72 days). 17 The need for enhanced public and physician education that is targeted toward highrisk patients and visitors to areas where I scapularis ticks and disease are endemic is underscored by the observation that diagnosis and treatment were delayed by an average of 12 to 14 days between onset and appropriate antibiotic treatment.
The current study identified demographic, clinical, and laboratory criteria that were associated with increased relative risks for severe disease outcome, using death, hospitalization for more than 14 days, or a stay in the intensive care unit for longer than 2 days to define severe outcome. Approximately 73% of these hospitalized patients were older than 55 years, and almost 62% were male. Results from univariate analyses indicated that patients with parasitemia values in excess of 0.04, with white blood cell counts in excess of 5 ϫ 10 9 /L, and alkaline phosphatase values higher than 125 U/L had a 2-fold greater RR of a severe outcome. Individually, hospitalized patients with a history of splenectomy, a history of cardiac abnomalities, and the presence of heart murmur were associated with RRs of 1.8, 1.67, and 1.61, respectively, compared with hospitalized patients with babesiosis without these conditions. Data analyzed by backward stepwise multiple logistic regression indicated that male patients were more than 4 times more likely to have a severe outcome. Risk factors associated with the male sex were shown to be greater than the RR associated with parasitemia values higher than 0.04 (RR, 2.32), but not as great as the RR associated with elevated alkaline phosphatase values (RR, 7.72). These indicators for disease severity in the patient with babesiosis may be useful to the medical provider in assessing levels of care necessary to manage the infection. Decisions to provide more aggressive therapy may be justifiable in the presence of these prognostic indicators. We did not find age to be a risk factor for severe outcome, perhaps because our study included only hospitalized patients, who may have been already selected for severity of disease. Also, while there was a 2.5-day difference, we did not find a significant association between the duration of time from disease onset to treatment and the development of severe outcome. This suggests that underlying physical conditions of the patient, rather than prompt institution of appropriate therapy, may contribute more to the likelihood of the development of a severe outcome in patients with babesiosis.
Several recent studies have used a statistical review of clinical information to identify patients likely to have a poor or severe outcome. Martin et al 30 investigated hemolytic uremic syndrome in Minnesota and were able to examine potential predictors of disease severity. They found that children with elevated polymorphonuclearleukocyte counts on hospital admission were at higher risk for severe disease and poor outcome through both univariate and multivariate analyses. Through the use of the bivariable and stepwise logistic regression analyses, Hamel et al 31 developed a simple prognostic scoring system to identify comatose patients at high risk for poor outcomes using data that were available during hospitalization. Such risk stratification was shown to offer phy- sicians, patients, and patients' families valuable information that could contribute to decisions and allocations of health care resources affecting patient care. Marsh et al 32 reviewed malaria in hospitalized African children and applied World Health Organization criteria for severe and complicated malaria. These criteria included 10 clinical or laboratory-based data available during the patient's hospitalization. Univariate and multivariate logistic regression analyses were used to identify the criteria associated with the greatest prognostic value for severe, life-threatening malaria. Farr et al 33 examined patients with pneumonia and looked for associations between death and 42 hospital admission variables. Univariate associations were identified for several variables, including, but not limited to, older age, respiratory rates greater than 30/min, decreased diastolic and systolic blood pressure, elevated serum urea nitrogen levels, and leukocyte counts lower than 4 ϫ 10 9 /L. Human babesiosis, which is a rarely diagnosed, protozoal zoonotic disease, has become a significant community health problem in certain locations along the northeastern coastal areas of the United States. 1, 5, 7, 17 Infections with B microti and other strains are also seen in the upper Midwest and northern Pacific coastal areas. 6, 21, 22 The frequency of clinical diagnosis is directly related to the geographic distribution of the pathogen and the medical community's collective awareness of the disease. 1, 4, 18, 19 Fortunately, most infections with B microti in healthy individuals cause minimal symptoms, 5 but for those patients who may be elderly, have a history of splenectomy, or may be otherwise immunocompromised, 1, 2, 3, 17, 20 including those with HIV infection, infection with babesiosis can be particularly debilitating.
This study provides some clinical guidance; however, certain limitations should be mentioned. As an observational study, there was a lack of systematic data collection and recording in hospital charts. Potential comorbidity from other tick-borne pathogens may have affected outcomes and may not have been recognized, diagnosed, or recorded in the chart. We cannot rule out that some missing information in charts resulted in misclassification of outcome measures. However, the impact of potential misclassification is probably small, as severe events would be likely to be recorded. This study was also limited to the 77% of patients with babesiosis who were hospitalized and was not controlled for by stage of disease on admission.
Identification of a patient's significant travel history (to an area where babesiosis is endemic) is crucial for the inclusion of babesiosis in the differential diagnosis. Once babesiosis is diagnosed, the presence of parasitemia values greater than 0.04, alkaline phosphatase values higher than 125 U/L, or white blood cell counts higher than 5 ϫ 10 9 /L should help alert the health care provider to those patients who may require special attention because of the higher risk for death. Physicians should consider babesiosis in patients who present with a fever of unknown origin and who reside or have traveled in endemic areas if they have undergone a splenectomy or are elderly, immunocompromised, or debilitated.
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